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PRELIMINARY REPORT
ON

Seepage Water and the U nderfiow of River s.
By

SAMUEL

FORTIER.

GENERAL OUTLINE.
Into a box holding one cubic foot, or seven and one-half
gallons of dry sand, one can usually pour from two to three
gallons of water without causing any overflow. If the particles
of sand were of the same size and cubical in form, they could
be packed into a solid mass; and a cubic foot, instead of weighing about 100 pounds~the average weight of dry quartz sandwould then weigh about 165 pounds. But sand grains are
irregular in form, and come in contact with adiacent grains only
at particular points, thus enclosing spaces or voids, which in dry
sand are filled with air. Hence it follows, that in pouring water
into aves el filled with dry sand, the water, being the heavier
substance, displaces the greater part of ·the air and produces
what we term saturated sand.
If a cubic foot of dry sand be made to touch a similar mass
of saturated sand, it will in time pull nearly one-half the moisture
away from the wet mass. If a third cubic foot be added, the
tendency of this same force will be to divide the total amount of
water equally between the three masses. In like manner, this
force, or power to pull water, could be made to act through a
large number of sand masses. Now, if we assume that the
first mass, instead of being deprived of its moisture, is
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kept continuously saturated through contact with water, the
power inherent in all the other masses will be exercised in an
attempt to pull in or absorb a like amount of moisture. In this
way, and by the force which is variously termed capillary
attraction, capillarity, and surface tension, w "ater may be drawn
through the finer particles of which soils and ubsoils are
composed.
The movement of water in passing from particle to particle
of soil is necessarily slow. Every irrigator knows that if a
small stream is turned into each furrow, considerable timeoccasionally several hours-will elapse before the soil between
the furrows becomes thoroughly wet. The difference in time
depends chiefly upon the nature of the soil, the space between
the furrows, and the depth of water in each furrow. The irrigator also notices patches of soil lying between the furrows
becoming quite wet, while all around them there is dry soil.
This peculiarity in the direction which the water follows is of
daily occurrence in orchard and garden irrigation, and seems to
prove that the force which pulls water between the particles of
soil is just as liable to draw the water upwards or across as
down wards. We mu t, therefore, conclude that it is entirely
distinct and different from that other force which we call gravitY1 which always tends to pull water downwards .
One effect Qf gravity may be seen, when a thin sheet of
water is made to flow through a new ditch, excavated in coarse
gravel. The water is pulled downwards, or, is said to percolate
through the gravel.
Not infrequently the lower embankments of canals on side
hills and canyons are composed of broken rock and gravel. The
pressure of the water-resultin~ from the action of gravitycauses the water to percolate through the embankment, until the
sediment borne by the water in the canal fills the spaces near the
inner surface.
The same thing happens when one attempts to make an
excavation in the saturated gravel and sand near the shore line
of a river. Although the excavation may be made several
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h undred feet away from the river, the water occupying the
spaces between the particles of sand and gravel, is under pressure;
and the deeper one digs, the faster the water rushes in.
In the three cases last cited, the first-named force, or surface
t ension, may act; but its influence is so small in comparison with
~ he power exerted by gravity that it may be disregarded.
The preceding illustrations may aid our farmer readers the
b etter to understand what follows, by reminding them that all
oils are porous,' i. e., they contain spaces which vary in volume
from 30 to 60 per cent. of the total mass, and that these spaces
a re filled with air and water. In dry soils there is a large perc entage of air and ,'. correspondingly small percentage of water,
while in wet soils the proportions are reversed. The reader
hould also keep in mind the existence of two distinct forces,
one of which we may call surface tension and the other gravity;
and that the action of either of these forces or of both combined
on the water confined between the soil grains, is to cause it to
move. This movement of sub-surface waters may be illustrated
b y noting what takes place in irrigating new land. When water
is first conveyed to a dry bench, or mesa, through irrigating
ditches, and allowed to flow over the cultivated portions, the
t hirsty soil apparently drinks it in as fast as it can be applied.
The irrigator knows that sufficient water has been run on these
n ew fields in one season to have covered them to a depth of four
o r five feet, but at first there is seemingly no waste. After a
while, however, it may be weeks, months or years, water is seen
c oming out of the ground on the sides and at the bottom of t~e
b ench and the irrigator cails it seepage water. It may have
been months since 6e last rain fell, an~ he correctly infers that
t he only way in which water could find its way to those formerly dry places would be in seeping from the irrigated fields and
<iitches located farther up the hill.
For years after the arid portion of America began to be
cultivated, little attention was paid to seepage water. The low
lands, being more cheaply reached by water, were the first to
b e irrigated, and the chief effect of the surplus water supplied
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was -to raise the ground water. As the cultivated area increased'
and men began to build large high-line canals to co ver elevatedbench lands, a change was soon apparent in the physical conditions of soil and subsoil. Fields, that fo.rmerly required to beirrigated, were found to be sufficiently damp to produceabundant crops without any artificial watering, while other low
lands were converted into swamps and morasses-fruitfulsources of malarial diseases-and rendered worthless for agricultural purposes. In this Territory, in particular, no just or
satisfactory apportionment of the waters used for beneficial
purposes could be made without first considering the effects of
seepage and underflow waters. The irrigated and irrigable
lands border on the streams, while immense mountain ranges.
and table-lands intervene. A stream in flowing from near the
crest of a mountain range to its outlet, may traverse half a
dozen distinct valleys hemmed in by mountains. As the waterenters the highest cultivated valley, it is in part, or wholly,.
diverted through canals and applied to the land. Through the
effect.s of seepage and underflow it reappears, sometimes in.
increased quantities, near the foot of the valley, from which it
flows through a canyon and appears at the head of a second
valley, to be again diverted and again returned to the river
channel to be used lower down. It is evident, therefore, that the subject of seepage and return waters is an important one,.
not only among the irrigators who may be located on the samequarter section, but also among all those taking water from thesame stream. As the larger streams often flow through several.
counties it becomes a county question. It is also fast becomingan interstate and international question . At the late session of
the Irrigation Congress the following recommendation to theUnited States Congress was made: "That there shall beappointed a National Irrigation Commission * * * * *
charged with the work of making an immediate investigation.
of the problem of interstate streams. * * * *"
An equitable adjustment of the waters of interstate streams.
oan be effected only after a careful study and long-continued
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observations on the changes produced by irrigation. And if
costly litigation is to be avoided in the future between the
several States of the arid We t and between this Nation and
Canada on the north an ~l Mexico on the south, it is imperative
that the work of collecting data be begun at once and continued
without interruption until a final settlement is reached.
SEEP AGE VV ATER IN OGDEN
VALLEY.
This valley is separated from that of Gre.1t Salt Lake by a
narrow range of the Wasatch mountains and is watered by the
South, Middle and North Forks of Ogden river and several
small creeks. The three main tributaries meet near the lower
part of the valley and form Ogden river, which traverses the
mountain range through a box canyon five miles long, having
an average descending grade in that distance of eighty feet to
the mile.
The valley is irregular in form and contains several thousand inhabitants who irrigated la t season 5601 acres. Of this
area the Huntsville district, occupying the eastern end"of the
valley, between the South and Middle Forks, irrigated 2865 acres
with water diverted almost wholly from South Fork. In the
northern end of the valley there is the comparatively new
district of Liberty, which irrrigated in all about 900 acres with
W.lter taken from "",- arious small creeks and from North Fork.
Below Liberty and extendin~ to the foot of the valley is the
district of Eden, which irrigated 1636 acres, not including 200
acres watered from NIiddle Fork ditches. As we shall presently
see, Eden district, after about the first of August of each year,
depends mainly for its water supply upon seepage water from
the district of Liberty.
If the farmers in Ogden Valley were permitted to u~e the
water which flows past their fields everyone would be abundantly
supplied. On the other hand, if the law of prior appropriation
was rigidly enforced they would own no water in the dry part
of the season. It all belongs to prior appropriators located in
EFFECTS

OF
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the lower valley. The correctness of this last statement is
shown by the following partial list of canals taking water from
Ogden river and its tributaries, with the date of appropriation
and priority number of each. Those marked with an asterisk
are located in Ogden Valley:
°

TABLE NO. 1.
OG D EN R 1 VI:R C A NALS.
0

z
NAME OF CANAL

Name of Appropria tor

to
.;:
0

0;:

Date of
Appropriation

p..

Mound Fort Canal ..
Lynne Ditch No. 1..
Ogden Bench Canal.
North Ogden Canal.
Plain City Canal. ...
Ogden City Ditch .. .
Harrisville Canal ...
* Huntsville Canal. ...
*S. S. M. & P. Ditch ..
*Eden CanaL ...... . .
*Liberty Ditch . ......
Lynne Ditch N o.2 . .
*Huntsville Mt. Canal

A.Shaw . ................ , .......
L y nne Irrigation Co ......... . ....
Ogden Bench Irrigation District. . .
North Ogden Irrigation Co . .......
Plain City Irrigation Dis trict. . ....
........... . .............. . ......
Jas. A. Taylor. 0 ••••••••••••••••••
Huntsville Irrigation District ... . .
Smith, Schade, Monson & Peterson
Eden Irrigation District ....... .. .
Liberty Irrigation Co ... . ..... . ...
Lynne Irrigation Co .. ...... 0 • • •••
Huntsville Mountain Irrigation Co.

1 June 1, 1850
2 June 1, 1851
3 June 1, 1855
4 Jan. 1, 1858
5 May 14, 1859
"
,.,6

.

8 June
9
10 June
11 June
12 June
13 June

"

1, 1861

"

1,
1,
1,
1,

1862
1864
1868
1872

The above table shows that at least seven canals were constructed to divert water from the lower portion of the river
before any diversion was made from the upper portion, the
reason being that the districts adjacent to Ogden City in the
lower valley were settled from ten to twenty years prior to the
settlement of Ogden Valley. Sincemanyof these seven canals are
large and aggregate a greater volume than is to be found in the
river in the latter part of the irrigating period, it naturally
follows that in time of low water there would be none to spare
to the upper valley irrigators.
In the spring of 1894, Plain City Irrigation District, one of
the lowest takers located in the rich delta plain not far from the
shore of Great Salt Lake, brought suit to recover over $28,000 .
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from the upper districts and consumers as damages incurred
during the preceding season through the loss of water which
had been diverted and used by the upper irrigators.
Some time later, and with no knowledge of the suit that
was pending, the writer offered his services to make measurements of all the surface waters that entered Ogden Valley, of the
volume which flowed out of it through Ogden canyon and of
the amount used in irrigation; the object sought was to determine, if possible, if water could be diverted and applied to the
land in the upper valley without lessening its discharge to the
legal owners below.
The writer's proposition was gratefully accepted by the
upper irrigalors, who promised to provide the ne.cessary assistance. Work was accordingly begun on the 5th of July, 1894,
and the collection of field observations was continued until
Septem ber roth.
The measurements of both inflow and outflow were made
in the same manner and by the same current meter so that any
error which might exist in the rating of the meter or in the
mode of determining the velocity would not affect the relative
results. In the tables and diagrams which follo·w , minor errors
are to be expected . One source of error, for instance, was
caused by taking the observations of the water surfaces twice and
three time a week instead of daily. Fortunately, however, for
the accuracy of the work, little or no rain fell until the first week
in September, and in consequence there was little fluctuation in
the streams.
Table NO.2 gives the names and discharges of the various
streams flowing into Ogden Valley as found by actual measurement during the second week of July and about the middle of
August of 1894In all the tables the discharges of streams are given in
second feet, abbreviated to sec.-ft., which unit represents a continuous flow of one cubic foot per second of time, and may be
considered equivalent to 50 miners' inches.
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TABLE NO. II.
STREAMS FL OWI NG INTO OGDE N

YALLE Y ,

1894.

July 7-11.
Discharge

NAME OF STREAM.

I Aug
16-1 ,
])ischa rge

South Fork .. . . ............ . .... ......... ... 1 110 sec-ft.
Bennett Creek ... . ....... . ... . . ...... ...... .
3.0
3.4
Middle Fork . ............... . .............. .
Geertson Creek .. . .. . . .. . . .. . .............. .
1.1
Burnett Spring .............. . . ... .. . ...... .
0.3
9.8
Wolf Creek .... . . .. ...... .... . .. .... . .. .. . .
Warn1 Spring .... . . . ............. . ........ .
0.3
2.5
Spring Creek . ... . .... .... ... . .... .. ... . . . .
Wester Creeks ... . ... , .......... .. ......... .
1.7
Chicken Cree k . . .. . .................... . . . .
2.5
2.7
N . Cold Creek ......... . ................... .
22.4
North Fork ... ... ..... . ................... .

64.0 sec-ft.
1.7
0.0 "
0.5
0.2
3.0

Total vol urn e. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 159.7 sec-ft.

80.3 sec-ft.

0.0

"

1.8
0.5
1.0
1.5
6.1

T able No. III gives the daily volumes in sec.-ft. which
flowed from Ogden Valley from July 6th to September 10,
1894 , being measured in the channel of Ogden river at the foot
of the valley:
TABLE N O . III.
DISCHARG E O F OGDEN RIVER, BEING THE OUT FL O\\
ct>

Q)

;;;

~

D ay

;::l

<:.>

-5C

A

:2

.s::;

Ul

0

)1

6

July

7

I

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
2:3
24

Day

~

0

164.0 July
163 .7
161.3
158 .9
156.51
154
.1
151.7
149.3 Aug.
145 .0
140 .7
136.2
132 .0
1
127.7
123.5
119 .2
116.1
113.0
109.9
106.8

.s::;

A

b~

..c:
...
c

...

Day

:;,

;;a

105 .4 Aug. 13
104.0
14
102.6
15
104.0
16
105.4
17
106 .8
18
105.0
19
103 2
20
101.. 5
21
1
99.7
22
99.7
23
99.7.
24
25
101. 5
26
103.3
2'7
105.0
28
106.8
29
11
106.8 1
30
12 106.8i
31
25
26
27
28
29
30
31
1
2
3
4
5
6
7
8
9
10

99.71

ct>

Q)

b~

~~

..c:
...,

OF OGD EN VALLEY.

b~

~

..c:
...,

A

)1

11

...

d

Day

..c:<:.>

>:
0

101.7 Sept· 1
102.6
2
100.5
3
98.5
4
100.6
5
102.7
6
104.8
7
106.8
8
107 .8
9
108 .8
10
109 .8
110.8
110.4
110.0
109.6
110 .8
111.9
113 .0
114 .1

Ul

I

-

A

114.1
115 .0
115.0
115.6
121.2
126.9
132 .6
128.2
123. 7
119.2
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There are in Ogden Valley more than twenty ditches or
.canals, and these were accurately measured twice during the
period from July 6 to September 10, 1894 . The volumes in
sec.-ft. for each ditch or canal for the early July and mid-August
fl ows are given in Table No. IV:
TABLE NO. IV.
VOLUM ES O F W AT ER U S ED F OR IRRI G ATIO N

NA ME OF DITCH OR CANAL

Smith, Sch ade. M on son & Peterson Ditch . . .
Bennett Creek Ditc hes .. . ............. . ... .
Langsdorf's S outh F ork Ditch ............. .
Hunts ville Irriga ting A ssocia tion Canal. ... .
Down s Ditch .. . . . . ...... . .. . .... . ... . .... .
Did Mountain Ca nal . . .. . .. .. ....... . . . .. . .
New Huntsvill e Irrig ating C a nal .. . . . ... ... .
Burns Ditc h from Middle Fork . ...... . .... .
Geertson Ditch ...... .. ... ... ... . .. . .. . ... .
Burnett S prin g . . . . ....................... . .
W 01£ Creek Ditch . .... .................... .
Eden Canal . . .. . ... . .. . ........ . .......... .
.chambers Ditch ....... . .. . . '" ....... . . . . .
F errin Ditch . . . .. . . . . . . .... . ..... . ....... . .
Spring Creek Ditc h ..... .. .... . ...... . .... .
Wester Creek Di tch es ...... . ........... .. . .
Chicken Creek Ditch es . ..... . ... . .... ~ .. . . .
North Cold C a ny on Ditc he s ....... .. .. . ... .
L iberty C a nal. .. . .. . . .. . . . . . .... . ......... .
Total volumes . . ... . .. . .. ............. .

I N O G D EN V A L L E Y ,

July 6-12

3.5 sec.·ft
3.0
6.8
"
13.4
32

8.7
24.3
3.4

1.1
0.3
10.1
35.6
0.6
2.1
2.5
1.7
2.5
12
24.0
148.0 sec .·ft.

1894.

Aug ust 16-19
1.7 sec.-ft.
1.3
0.0
6.1
2.4

1.1
19.9
1.0
05
0.2
3.0

"
"

22.7

0.4
1.5
1.8
0.5
0.1
0.7
6.1

"

71.0 s ec.-ft.

!pllO;JiJJ'Jadl<uyl:J/!Ln

U/

10

JO .';O

-",,-0

i'

CJ

1'-

,

I ';

'n!o /1

I

I
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The preceding tables and many more which could not well
be introduced for want of space, are represented graphically in
Fig. I. The shaded portion represents the daily volumes flowing into the valley as accurately as the writer, with the scanty
assistance provided, could determine; ~he unshaded portion shows
the quantities of water daily flowing from the valley; while all
below the heavy dark line, which is dotted in places, indicates
approximately the amount of water which was diverted and applied to the land. Where the amount of irrigation water was
not accurately known, a dotted line is used.
Fig. I shows at a glance the effects of seepage water
throughout the period, from July 6 to September 10, and particularly in August and September. On July 6, there were 161
sec.-ft. flowing into the valley on the surface; of this amount
149 sec.-ft. were diverted and applied to the land, leaving a
balance of 12 sec.-ft. Assuming for the moment that when
water is diverted from a stream and spread over cultivated land,
no portion ever returns to the same stream at a lower elevation,
we would have for the valley under consideration a discharge
through Ogden canyon equal to the difference between the inflow
and the volume used for irrigation together with the increase
derived from the seepage from the river bed and the adjacent
mountains. Omitting this latter increase, which is uncertain in
amount, the flow of Ogden river through the canyon during
July and August of last year, would have been from 10 to 30
sec.-ft. But Table III shows a discharge of from 164 to 99 sec.~ft.
during this period. It seems, therefore, quite wrong to conclude
that none of the diverted water reaches the river by seepage.
On August 16, the ratio between the inflow and outflow
was much greater than in J ul y; for on that date there were 80
sec.-ft. flowing into the valley, 7 I sec.-ft. usen by the irrigators,
and 99 sec.-ft. leaving the valley through Ogden river. Fifteen
days later, August 31, the inflow had decreased to 72 sec.-ft., but
the outflow had increased to 114 sec.-ft.
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LIBER TY AN 0 EDEN DISTRICTS.
The amount of water flowing in the North Fork and in the
small creeks around Liberty, from July 6 to August 17, is represented by the darker shading in Fig. 2. All of this decreasing
volume was daily diverted an,-i used by the Liberty farmers,
leaving for the most part the natural channels of the streams
dry. Notwithstanding this fact, the writer found, two or three
miles below Liberty, at the head-gate of the Eden canal, a
volume of water in the North Fork which is represented by the
lighter shading in Fig. 2. As will be seen at once by an
inspection of the diagram, the seepage from the irrigated fields
of Liberty, increased by the sub-surface flow of the dry-creek
beds, and possibly by seepage from the adjacent mountains, is
much greater than the direct surface flow into Liberty. It will
be noticed, too, that the difference between inflow and outflow
becomes grauually greater as the season advances, there being
relatively much more seepage water in August than in July.
For example, on August 17 the combined flow of North Fork
and the small creeks flowing into Liberty amounted to I I sec.-ft.,
which was all used for irrigation purposes within this district;
and yet, on the same uay a few miles farther down, with no
visible source of supply except a few small 5prings, there was
found a flow of 27 sec.-ft. Notables are given of the discharges
of the streams in this neighborhood, but the aggregates are
given in Fig. 2, and the interested reader can determine the
inflow and outflow very closely by recollecting that the squares
1n the diagrams represent horizontally one day and vertically
.5 sec.-ft.
The amount of water coming into the upper district on
] uly 10 is nearly equal to that passing the Eden head-gate, being
.37 and 44 sec.-ft. respectively. This leads us to conclude that if
the measurements had been begun and observations continued
from the first of June, the amount of water entering the upper
district during the first part of the season would have been much
in excess of that reaching the lower district. Reference will be

J U

L Y

AU GUST

1894

1894-

~

co

FIG. 2.
Showing the amount of water flowing in the N ~rth Fork and in the small creeks around Liberty, and also the larger amount
flowing out, notwithstanding the amount diverted for irrigation.
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made to the effects produced by seepage waters, in equalizing
the flow of streams, under another heading.
SEEPAGE "VATER AND THE UNDERFLOW OF
\VEBER RIVER IN MORGAN COUNTY.
Last July the writer hoped to be able to measure all the
ditches and canals taking water from Weber river as well as aU
of its tributaries, from Peoa in Summit county through Morgan.
and Weber counties, to its outlet in Great Salt Lake. The
expenses involved and the time required, however, proved too·
great, and the work was carried through Weber and Morgan,
counties to the borders of Summit and there terminated for the
season.
It is believed that no accurate measurements were ever
before made of Weber river c'a nals or affiuents, 'tn.d that the'
only reliable data in existence last] uly were the results of river
gaugings made by engineers of the National Government near
Devil's Gate in Weber canyon, during 1889, 1890, and l891 ~
When we consider that :l volume of water equaling in round
numbers 700 sec.-ft. is daily diverted from this river and its..
tributaries, in the early part of the season, through about 100.
canals, and that the annual.revenue derived from its use exceeds
$70,000, or the equivalent of interest on a principal of one million,
dollars, it is surprising that so few measurements have been made.
Coupled with this uncertainty in regard to the volumes carried'
in the numerous natural and artificial channels and partly as a·
result of such uncertainty, one finds few farmers who possess
legal titles to their water-rights. To expect peace and harmony
to prevail among the hundreds of irrigators and their familieswho take water from the same stream without having the rightsof each claimant legally defiined,. is asking too much of human
nature; and the valleys of the Weber are not different in this
respect from the rest of the Territory. In every hamlet from.
St. George to Cannon there-exist bitter disputes over water and,
water-rights, and the wretched system of let-alone which has·
prevailed in Utah for half a €enturYtis gliaduall.y changing many-
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-of the finer qualities of generosity, good-will and contentment,
for which Utah people have been noted, into jealousy, distrust,
and discontent. Who is to blame for this state of affairs?
Certainly not the irrigators; unless it may be said of them that
they failed to vote for the propt>r persons to represent them in
the local Legislature. The Territory of Utah through its Legislature has far more need to measure and apportion its water supply than has the National Government to divide its unsurveyed
bnds into townships and sections.
That individuals, communities, or even counties are powerless to adjust all the grievances arising from the use of water for
irrigation purposes, is evidenced by a consideration of Weber
,r iver. In Summit county, men divert the water of this river and
utilize it on the long, narrow plains, until at times little, if any,
l"emains in the natural channel. Through seepage and underflow, Nature causes a portion of the diverted waters to return to
the natural channel to be used by the irrigators of another
county. The Morgan county farmers divert a large portion of
the volume which crosses their upper boundary and Nature
again attempts to restore the deficiency by discharging, through
Weber canyon, at the western line of the county, a volume about
equal to that which entered on the east. In the third countythat of 'Veber-the upper irrigators apply thejr share on land
near the river and the greater portion finds its way, in the course
of time, back to the river and is utilized by those below. It
becomes, therefore, a difficult question to decide who are the
proprietors of Weber river water. One readily perceives that
the proper solution of so complicated a question depends almost
wholly upon accurate measurements of the land and water in
question. A complete hydrographic map of this section, with
continuous water measurements, extending over a period of
years, would practically settle all disputes; and until such an
undertaking is begun and carried on by the State we cannot
expect any real progress in irrigation in Utah.
Morgan county contains an area of 464,000 acres, of which
the greater portion is mountainous. The only arable land lies
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in the valleys of the Weber river and its tributaries, and
includes, in round numbers, 15,000 acres. Of this area about
6000 acres were irrigated in 1894.
The object sought in measuring the water supply of this
county was to ascertain, as accurately as the limited means
available would admit, the surface flow into Morgan valley, the
volumes diverted for irrigation purposes, and the outflow through
Weber canyon.
Table V gives the name and volume flowing in each of
the irrigating canals of the county, as measured by the writer
about the first of August, 1894. East Canyon creek ditches are
not included, but the seepage flow from this section was
measured near South Morgan bridge in E;:tst Canyon creek.
TABLE NO. V.
MORGAN COUNTY IRRIGATI NG CANALS.

When Measured
NAME OF

DITCH

OR CANAL

Discharge

I

Month i Day
South Morgan Canal ..... July
II
Weber Canal. ............
II
North Morgan Canal. ....
II
Littleton Ditch ..........
Enterprise Farm Ditch . .. Aug.
II
Spring Hollow Ditch ....
Cotton Creek Ditches . ...
II
Gordon Creek Ditches ...
J acob's Creek Ditch .• . ... II
Strawberry Creek ..... "
II
Peterson Creek Ditches ..
Dalton Creek Ditches ....
Lime C<eek Ditche •...
Smith Creek Ditches ...
Deep Creek Ditches ...

!

31
II
II

"

2

1/

3
II

5

I

Hour
10:00 a. m.
11:00 II
12:00 m.
5:00p. m.
1:00 II
4:50

.

12:10
3:00

II
II

11:00 a. m.

in Sec.-ft.
14.2
18.0
24.6
3.6 not full
10.9
0.4
2.0 estimated
3.0
0.1
Dry at mouth
2.5
1. 9 estimated
0.2 e stimated

--

TG>tal volume ........ .. . . . . .... .. ...... ......

81. 4 Sec.-ft .

17
AUG U S T
4

5

6

7

tI

9

'94
10

"

12

13

14

IS

FIG. 3.

To determine the relation between inflow and outflow a
gauging station was established near Devil's Gate, on the site of
the old station used by the U . S. Hydrographers, and another
station was chosen on the river above North Morgan and Croydon. To the volume flowing past the upper station were added
that of East Canyon creek and the aggregate amounts of
all the other creeks. The results are graphically indicated in
Fig. 3, in which the shaded portion represents the outflow in
sec.-ft.; all below the heavy black line the ,inflow, and all below
the dotted line the approximate amounts used for irrigationCanyon Creek valley excepted.
The diagram shows that more water came into the valley
than flowed out in the first five days of August, but after that
date, up to the 15th, when the observations were discontinued,
there is little difference between the inflow and outflow. On
August 8 they were practically equal, the discharge being 125
sec.-ft., and if we add the East Canyon ditches, the volume used
for irrigation would be about 90 or 95 sec.-ft. Excluding the
dit~he s of this creek, it i 7 I sec.-ft.
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SEEPAGE WATER AND THE UNDERFLOW OF
:vVEBER RIVER IN WEBER COUNTY.
From an irrigation standpoint there are many differences
between the delta valley of the Weber and those just mentioned.
In the former, one finds some of the oldest canals in the county.
The Uintah Lower Canal, for example, was completed in 1851
and has been operated continuously with few al~rations. The
South Weber Canal, which flows through the center of Ogden
city, is another of the old canals, the water having been first
turned in in 1852. Other canals are less fortunate. Their
capacities were at first small and for those amounts a primary
right is conceded, but in the subsequent enlargements their
supplies have been curtailed by prior appropriators who take
precedence in times of scarcity. The Riverdale Canal may be
cited as an example: Of the present flow 35 per cent. dates
back to 1851, 40 per cent. to 1856, and the remaining 25 per
cent. to 1866.
The effect of seepage and underflow waters in this portion
of the water-shed of Weber river was determined by gauging
the volume which passed Devil's Gate at the western limit of
Morgan county, measuring the capacities of all ditches that
divert water from the river between Devil's Gate and the lake,
as well as all the afHuents between the same points; and finally
gauging the river immediately below the headgate of the lowest
ditch. Although the channels were at times unsuitable, these
measurements were carefully made, and, it is believed, do not
co~tain any errors greater than 2 per cent. Such being the case,
it is hoped the following table of canal discharges may aid in the
final settlement of the water rights of this fertile and denselypopulated section.

•
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TABLE NO. VI.
IR R IG ATIN Q C ANAL S DIVERTING WATER F R O M ' VE B E R RIV E R IN
WEBER COUNTY.

NAME OF CANAL OR

DITCH.

Date of
Measurement.
Mo.

--

I>
~'

1

iiiC.-c . . . . .S>,rtlg ~.t:
o a: .... CD.-:: '"
• >oCD

~CD

Hour

'cS,o
".

.0=

~ .!; £' ~-i '7 .- C
rn
p..~ A·~o

- - - --

Davis & Weber Counties' Canal . .. July 16 1 :20 p. m. 17.30 5.98 ]03.53
Bambrough Ditch .... . ...........
17 9:-0 a. m. 10.58 1..-30 13.72
Dunn Ditch ... . ..... .. ... . ... . . . .
5.41 1.73 9.37
1'7 12 :00 m.
Uintah Central Canal. ........ . . ..
16 4 :15 p. m. 7.4.0 2.54 18.85
Uintah Lov.·er Canal ..............
17 8 :30 a. m. 4.79 1.63 7.81
South Weber Canal.. .. . ... . . . ....
17 12:45 p. m. 8.61 0.96 8.22
W. P. Jones Ditch .... . .... . ......
17 2 :00 p. m. 2.10 1.60 3.35
Riverdale Canal ....... . ... . ......
17 4:00p. m . 12.401 1.66' 20.57
Weber Canal ...... . ...... .. ... . ..
1811:30 a. m. 16.7G 1.80 29.87
Stimpson Ditch ........... .... ....
218 :30a. m. 0.26 / 0.93 0.24
AJlen or Jenkins Ditch .. . .. . . . ...
21 9 :30 a. m . 4.01 0.71 '2.85
Wilson Canal .....................
18 3 :45 p. m . 4097 1.43 [ 8.80
Hooper Canal ................. . ..
18 2:30 p. m. 37.52 3.07 115.01
Slater ville Ca nal. . .......... . .....
19 3:30 p. m. 12.28 1.07 13.14
Plain City Canal from Weber River
dry
19 5 :00 p. m.
Frem o nt Ditch ...................
19 5 :00 p. m.
dry
- - - - - - - .- - - - ' --T ota l volume diverted. ... . .... .. .. " .. .... . ... . ..... . ... 405.3
TABLE NO. VII.
THE A Y A IL A B E WA T E R

U PPLY O F W E BER RIV E R, A P A R T F ROM S EEPA G E
A TD R E TURN WATER S .

S

PPLY.

Discharge.

Weber River, at Devil's Gate July 20, 1 94 ..
Ogden Sewer, at mouth
, , ] 9, "
Ogden River, at outlet
"""

396.5

Total volume ................... . ..... .
Weber Ri ver, below the lowest canal ........ .

404.1
108.8

Total volume available .. : .............. .

295.3

6.7
0.9

The two preceding tables show that the discharge of the
river at the upper station, with all the affiucnts added, is 404
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sec.-ft., but over 108 sec.-ft. still remain in the river at the lower
gauging station; and if there were no gain by seepage, the difference between these two amounts, 295 sec.-ft., should be the
aggregate found in the canals. The total volume in the canals,
however, is 405 sec.-ft., giving a direct gain due to seepage
waters in about IS miles of river channel of 110 sec.-ft.
THE

IMPENDING

CONFLICT

BE'TWEEN

THE

UPPER AND LOWER IRRIGATORS OF UTAH.
With few exceptions the occupants of the lower valley
lands own the primary water rights. They were the first to
make use of the water, and the West has firmly established, by
both custom and law, the principle of prior appropriation. It
therefore follows that the power, whether vested in the Courts,
a Board of Control, or State Commission, charged with the
adjudication and apportionment of the waters of any particular
stream which supplies water to two or more valleys of differellt
altitudes, must first see that the priority owners get an amount
of water sufficient to irrigate, when applied without waste, the
lands originally watereu. The next thing to be determined is
the effects produced on the water supply by the irrigation of the
upper valleys. If it can be proved beyond question by physical
data carefully collected, that the result of irrigation in the upper
valleys in the early part of the season tends to in~rease materially
the flow below in subsequent months and that this increase is
gradually diminished until a time is reached, say in the latter
half of July or the first half of August, when the neutral line
is crossed, and when all subsequent diversions above are followed
by a decreasing flow below, it becomes essential to know for
each mountain valley when this neutral line is reached, so that
the upper canals, which own secondary rights, may be ordered
closed to protect the priority users below.
It would be worth many thousand dollars to Weber county
irrigators if the writer could itate definitely for each season the
particular day when irrigation in Ogden Valley ceases to benefit
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those of North Ogden, Harrisville, Plain City and the other
towns and districts west of the Wasatch range. To attempt to
decide so complicated a question on the preliminary investigations
of two months' duration would be unwise. The actual facts
are herein presented without bias, and the interested reader is
asked to draw his own conclusions. Those of the writer may
be summarized as follows:
First-It is clearly shown that the diversion and use of
water in the district of Liberty increases the available supply to
the Eden district and possibly to' the districts beyond the canyon
during the greater part of the irrigating period. We have here
a case of third-right owners taking all the supply away from
second-right owners, and by this act conferring a favor upon the
latter. In like manner both third and second-right owners divert
the waters legally belonging to prior right owners without injury
to the latter. This would seem to be an i~istance in which water,
like mercy, "blesseth him that gives and him that takes."
Second-The diversion of immense quantities of water in
the early part of the season when water . is abundant, and its
application to the sandy and gravelly farms of this valley, store
large volum~s beneath the surface which are gradually drawn
off by gravity to feed the river in the dry months. The great
difference between outflow and inflow can be accounted for
only in this way.
Third- Water moves very slowly through sand and
ordinary soils, but increases in speed with the size of the
particles. With the present limited data we have no means of
finding out how long it takes water to seep from a porous field
of North Huntsville to the river. If it takes thirty days, a large
part of the water used around Huntsville July 15th would reach
the lower irrigators about August 15th; if it required sixty days,
it would reach the lower irrigators about September 15th, which
date might be too late to be of service.
Fourth-It is folly to attempt to settle disputes of this
character by having recourse to law. In the absence of any
accurate measurements of either land or water, the courts must
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base their decrees wholly upon testimony, and the testimony is
often so exaggerated and inaccurate as to be worse than worthless. One series of accurate measurements is worth infinitely
more in arriving at an equitable decision than the testimony of
hundreds of interested ,parties. The one system costs hundreds
where the other costs thousands, yet men seem to prefer
the latter.
Fifth-If the ditches in Ogden Valley were all closen
during August and September of each year, it is questionable whether the discharge of Ogden river would be
much increased.
The water has to reach the bottom
of the valley either by percolating through the sand, gravel
and cobble-rock in the bed of the stream, or through the
made ditches and the porous subsoil of the farms. ' The
artificial channels are far better than the natural beds, being
less porous; and this gain helps to make up the deficiency
caused by its use on the fields.
Sz'xtlt-A large percentage of the volume which belongs
by right to the lower irrigators, is now wasted in Ogden
Valley in its slow passage from east to west over, or beneath
the surface of, deep porous beds. The loss from evaporation
in this distance, although unknown in amount, must be great.
To save this loss and to determine how long during each
season the canals of this section shall be operated, would settle
the whole question. If all the farmers taking water from
Ogden river would unite with the upper irrigators in building a
canal from South Fork to near Mr. Ririe's, at the foot of the
valley, with short branches to tap the seepage and underflow
from Middle Fork and Eden, a great increase would result.
On the Weber river, disputes between the lower and upper
irrigators and between first, second, anti third-right users have
been long waged. So far little money has been spent in litigation, but the wonderful forbearance of the people is nearly
exhausted; and unless the new State provides, through its next
Legislature, a more equable and less costl) method of settling
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water rights, many of the fine farms along the Weber will have
to be mortgaged to pay for court proceedings.
The work of the past summer in Morgan county extended
over too limited a period on which to base conclusions. If the
people will only carryon the surveys and observations which
the author has begun, a just settlement can be easily and cheaply
obtained. The facts herein recorded show that large volumes
of water can be used in Morgan valley and still permit an
outflow equal to the inflow. In the first half of August, when
the observations were made, the temperature was high, and much
of the diverted water would be evaporated. To make up this.
deficiency there must have been a large seepage flow, (I) from
the hillsides, (2) from the irrigated fields, a~d (3) from the
saturated bed of the river.
WELLS OF NORTH AND SOUTH MORGAN.
A few observations taken of the wells of these two towns.
indicate an immense storage capacity in the gravelly and cobblerock formation on which they are built.
A well near the res~dence of the Hon. Samuel Francis had
been dug through 4 feet of soil and 26 feet of coarse gravel
ranging in size from hens' eggs to cobble rock. Water in this
well attains its greatest height in June, and falls from 20 to 24
feet from that time to January, when it again begins to rise.
Mr. Joseph Williams owns a well 40 feet deep. The
upper 5 feet were excavated through soil, and the remaining 35,
feet through coarse gravel and cobble rock. The water in this.
well fluctuates through a vertical distance of 20 feet, beinghighest in June and lowest in December.
Mr. T. R. G. Welch, of South Morgan, has a well 29 feet
deep, and kindly undertook to measure and record the elevation
of the water during last August, both in his well and that of a.
relative, Mr. Charles A. Welch. Table VIII .s hows the rate of'
fall per week in each.
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TABLE NO. VIII .
FLUC T UATIOXS

OF

WATER

LEVEL

IN

T"' O

WELLS,

OWNED

BY

THE

MESSRS. WELCH, MORGAN CITY.

WELL OWNED BY

T. R. G.

Date of Observation.

WELCH.

IWater Level.

High water mark ... . 12 ft. 9 in.
August 2, 1894 ...... . 15 " 9

"

Sept.

9,"
16,
23,
30,
7,

II

16 I. O ~ "
16 " 9
17 I; 4 ~ "
18 " 0)( "
18 It 7 "

WELL OWNED BY CRAS.

Date of Observation.

A.

WELCH.

I Water Level.

High water mark ... . 13 ft. 9
Augu s t 2,1894 ..... . . 16" 9
II

Sept.

9, II
16. "
23, "
30, II
7, "

in.

17" 2
17 "11
18 " 8~ "
19 " 4)("
19 " 11 ~ "

These records show that the water levels of the e two wells
fell on an average more than 6 feet from the spring until September 7th, and Mr. Welch stated that their extreme limit of
rise and fall was about 16 feet. On August 16th the water
le vel had fallen only one-quarter the total distance. In Fig. 3
it will be noticed how fa st the discharge of ~I[organ valley gains
on the inflow as the middle of August is reached. Putting these
two facts together, we may safely predict, I think , that a large
percentage of the seepage water of Morgan county flows
through Weber canyo n quite late in the fall, in fact too late to
be of any benefit to the lower irrigators.
THE PROPORTION OF SEEPAGE AND UNDERFLOW WATER DUE TO IRRIGATION.
In reading the preceding articles of this Bulletin the reader
h as doubtless thought of this q1,lestion. The writer does not
wi~h to imply that all of the seepage water flowing from a
particular v alley is the direct or indirect result of irrigation. A
portion seeps down from the hillsidep or steep mountain inclines.
The streamlets from both sources flow together in thousands of
rills, and there is positi vel y . no means of keeping them apart.
Referring tothe district of Liberty, in Ogden Valley, which gave
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so good returns in seepage water, there is no means of telling
what percentage of this volume was due to the natural seepage
from the mountain slopes which nearly encircle this district.
Around Mendon, in Cache county, the farmers raise excellent
crops without irrigation. The rainfall is wholly inadequate,
there having fallen last summer, e. g. during the period of
maturing wheat, less than one-quarter inches. Near the base
of the mountain slopes, in the extreme north of Box Elder
county, men frequently raise forty bushels of wheat to the acre
on "dry farms." Throi.lghout Utah the agriculturists take
advantage of this natural seepage and cultivate the so-called dry
farms of . the foothills.
Tables Nos. VI and V II show a gain from seepage and
return waters of 110 sec.-ft. from near Uintah to West Weber.
We are certain of this increase, but we do not know what
fraction is due to natural seepage from the Wasatch range
and what to the seepage and return waters from the ditches and
irrigated fields.
THE BENEFICIAL EFFECTS OF FORESTS IN INCREASING SEEPAGE FLOW.
The municipal engineer increases the size of sewers which
drain areas covered with an impervious lining, such as the roofs
of buildings, paved streets, and cemented sidewalk~. He well
knows that if a heavy rain falls on such a district, the greater
part will immediately run off and the sewer must be made large
enough to carry this flow. The same amount of rain may fall
on lawns, vacant lots, or porous streets, without producing more
than 40, or 50 per cent. of the maximum discharge.
In like manner, when rain falls on a mountain slope that has
been denuded of its natural forest growth, there is little, if any,
vegetable mold to absorb and retain, for awhile, the moisture.
The rain drops fall on the rocky surface, gather into rills, and
these into streams, until a mountain torrent is formed. These
intermittent streams that flow with great rapidity are in nearly
every sense detrimental to the farmer. So, too, the snows of
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winter fall and are drifted hither and thither amid the bleak
rocks and decaying stumps of a once well-timbered mountain.
A little finds a lodgment in the deep ravines and recesses of the
rocks, but the great mass succumbs to the warm sunshine of
April and May and is speedily borne to the great inland spa.
On well-wooded mountain slopes the case is different. Here
the leaf mold of centuries absorbs and holds back the rainfall;
and weeks, or even months afterwards, some wheat field far
down in the valley may be invigorated by its presence. Here,
too, the winter's snow finds a ioesting place, sheltered alike from
wind and sunshine. The heat of spring melts the snow gradually and permits a large part to sink into the vegetabl e mold
from which it is gradually conveyed beneath the surface to do
good service to the irrigators of the plains.
Not long ago, an intelligent Utah ·pioneer said to th~ w r iter :
"Your theory of an increased water supply due to the seepage
from irrigated valleys, is all wrong. In some valleys the size of
the stream flowing out in September is n0 larger than it was
thirty years ago, before a foot of hmd was irrigated." T hese
facts do not disprove anything. In nine cases out of ten t hese
streams have been deprived of the timber which formerly
sheltered their sources, and the results in many cases have been
that the injurious effects caused by the removal of the timber
have excpeded the beneficial effects of r-eturn waters from
irrigated areas.
SOME INJURIOUS

EFFECTS

OF SEEP AGE

vVATERS.
In many of the oldest settlements of Utah, what were once
the most productive fields have beC@I'Ile nea-rly valueless on
account of an excess of moisture. The waste 0ccasioned by the
careless methods in use of applying water to land has raised in
many places the ground water level, and owing to the proximity
of the low lying lands to a "sink,'" -or salt water lake, and to the
prevalence of alkali in both soil and subsoil, this ground water
usually holds in solution large quatiltities of .m ineral s.alts. If the
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impure ground water is eight or ten feet beneath the surface, its
effects upon vegetation may flot be noticed; but as the level of
the water rises, it limits the available space from ' which plants
get many of the chief elements of their food, and if not checked
by a more ecor.ornical use of water on the farms above, or by
properly made drains, will finally crowd the roots and rootlets
near to the surface, w hen farm crops are either destroyed or
cease to be profitable.
The swamps and morasses caused by seepage waters and
imperfect drainage is a live topic in Utah to-day; and the question
has already assumed grave proportions in Cache county along
the western outskirts of Logan City, in Box Elder county in the
vicinity of Box Elder lake, in Weber county along the South
Fork west of Huntsville, and in many places along the Weber
and Ogden rivers; in Salt Lake county in the vicinity of
Cottonwood, in Utah county around the lake and elsewhere,
and in Sevier county in the low lands bordering the Sev ier river.
Seepage water is also a destructive and dangerous element
in earthen embankments and side-hill cuts. Not a few of the
bad railroad wrecks have been caused by land-slides, while in
earthen reservoir and canal embankments the destructive effect
of seepage water is well known.
N early eight years ago, while making an inspection of the
irrigation systems of Colorado, the writer found on Beaver
creek the remains of a large flume, which had been built the
year previous on a trestle 1400 feet long and 40 feet high in the
lowest place. The trestle was founded on shale and boulders,
and when water was first turned into the flume it leaked. The
escaping water, in time, saturated the hillside, which caused a
land-slide that completely wrecked both flume and trestle.
In July of 1891, a few days before the writer received his
appointment as engineer of the Bear River Canal System, a
slide occurred about one and a half miles below the canyon, which
carried away over 40,000 cubic yards from the lower embankment of the West Branch canal, and deposited a portion in the
middle of Bear river, 800 feet distant. The canal was new,
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water seeped through its bottom and sides into the lower embankment and made paste of material sixty feet beneath the bottom
of the canal. The semi-fluid mass could not uphold the enormOttS load and a slide was the result.
The seepage from the Davis and Weber Counties canal, with
a capacity of 110 sec.-ft., has moved through a distance of a few
feet many hundred thousand cubic yards of natural material.
SUB-SURFACE WATERS.
By substituting for the term seepage 'Waters, the more
general expression, SUb-su1:face waters, tbe subject admits of
the following subdivisions:
( I )
Seepage from irrigated areas.
(2) Seepage from mountain slopes and hill-sides.
(3) The underflow of creeks and rivers.
(4) The flow from artesian wells.
Taking these subdivisions in the above order, the conditions affecting the amount of seepage from irrigated areas are:
(a) The amount of water used.
(b) The character and depth of the sub-surface materials.
(c) The temperature of the subsoil.
(d) The slope and configuration of the area irrigated.
(e) The methods adopted in applying the water.
In regard to the seepage from mountain slopes and hillsides, we believe this supply depends upon:
(a) The amount of the annual percipitation.
(b) The extent of the area sheltered hy trees.
( c)
T he character and depth of soil and subsoil.
(d) The temperature of the sub-soil.
(e) The slope and configuration of the area drained.
A consideration of the flow from artesian wells would be
-out of place in this Bulletin, and the writer will conclude by a
brief allusion to the underflow of creeks and rivers.
Congress has already expended a considerable sum in
investigating the underflow of rivers, but the results, as reported
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by Chief Engineer Nettleton, must prove disappointing to the
thousands in the semi-arid States of Kansas, Nebraska and the
Dakotas, who had great expectations concerning the so-called
"underflow." It is hoped that the few facts which follow may
throw some additional light on a subject but little understood.
THE UNDERFLOW OF CREEKS AND RIVERS.
The term underflow, as applied to streams, presupposes a
porous bed, i. e., a bed composed of sand, gravel, cobble rock,
or boulders, or some admixture of these.
The volume of
water passing through these porous materiais in any definite
area of channel bed, depenqs upon the" amount of open spaces
between the particles, the relative proportions of water and air
contained in the open spaces and the rate of movement of
the water.
The amount of open spaces is but slightly affected by a
change in the size of the grains, there being but little difference,
other conditions remaining equal, between the open spaces in
sand and those in coarse gravel-a common average being 33
per cent., or one-third the total volume. It is rather inequality
in the size of the particles which affects the open spaces. When
quartz sand, after having been washed and thoroughly dried, is
separated by graded sieves into four parts, the percentage of
open spaces in anyone of the three coarsest lots is about 45,
but if the fine particles which passed through the sieve of
smallest mesh are mixed with the coarsest lot and well shaken,
the open spaces are reduced to about 27 per cent.
In reference to the proportion of water and air in the open
spaces the subject is not well understood, and laboratory tests
are of little value in determining the ever-varying relationship
that exists between them under natural conditions.
An
experience of several years in tapping the beds of summer-dry
creeks has taught the writer to expect an increasing supply as
one descends, and that by far the greatest volume is found next
to bed-rock. It may be said that the lower the underground
gall erie!' are placed, the greater the area drained, and hence the
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greater the supply obtained. Observed facts, however, seem to
show an additional increase, due to more complete saturation
and possibly to an increased velocity.
The velocity of water beneath the beds of creeks and rivers
depends mainly upon three things; viz: (I) the size and uniformity of the particles (2) the slope of the bed and (3) the
sub-surface temperature. Of the first two little need be said. The
irrigator soon learns that the coarser the material the m.ore
readily will water flow through it and that a convenient preventive is to grade the particles from fine to coarse. The
reader has already learned that t he main force which causes
ground water to move is gravity, and the greater the slope the
greater is the pull which gravity exerts. The effects of temperature upon the velocity will be considered under a separate
heading.

EFFECTS OF SUB-SURFACE TEMPERATURE
UP ON UN DERFLOW.
In the spring of 1886, the Denver "Vater Company decided
to expend over $200,000 in tapping the underflow of Cherry
Creek, and in conveying it by gravity through pipes to the
center of the city, eighteen miles distant. Chas. P. Allen was chief
engineer, and the writer was engineer-in-charge of construction.

FIG. 4.-Showing the plan of collecting the underflow of Cherry Creek.
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Cherry Creek has little or no water on the surface during dry
periods, but is subject to sudden and violent floods.
The form and kind of gallery used to collect the water are
shown to the left of Fig. 4. The bottom of the int~rior surface
averaged IS feet below the surface. Cherry Creek, with a plan
of the wells B, C, E and F, and the galleries BC, .DE and
EF, with piping at CD, are shown to the right of Fig. 4.
The material was fine plasterers' sand. A pipe 37 inches internal diameter, nearly five miles lon g, and laid on a grade of
I in 2000 conveyed the collected water to Cemetery Hill reservoir. At the reservoir a carefully m ade rectangular weir faced
with brass. and four feet long measured the discharge from the
Cherry Creek galleries. Early in 1888, ;l nilometer was attached
to the weir, and continuous gaugings were taken and recorded by
the caretaker. The average of the daily discharges for each
month from February, 1888, to September, 1891, or for a period
of three and a half years, is represented graphically by the shaded
portion in Fig. 5. The average discharge for any month within
the time named, can be quite accurately ascertained from the
graduated scale of sec.-ft. to the left of the cut. The heavy dark
line represents the average monthly temperatures in the shade at
Denver some eight miles distant, and the small circles connected by dotted lines indicate the total monthly precipitation at
Denver. Both temperature and rainfall, w hich means snow and
rain, are plotted in reference to corresponding scales to the right
of the figure.
It is no exaggeration to say that many millions of dollars
have been invested in both America and Europe in sub-surface
water supplies for cities, towns and irrigation works, and, in so
far as the writer is aware, the influence which the temperature
eJ\erts on the flow has never been brought to the attention of
the public. Hydraulic engineers have assumed that the fluctuations in the discharge from underground galleries depended
upon the rainfall, or upon the degree of saturation of the sand
or gravel in the immediate vicinity. This assumption)s, in a
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large measure, true for gravel or other coarse m aterial, but does
not hold true for sand, or the finer m aterials.
A close study of Fig. 5 shows th at the r ainfall, as indicated
by the small circles, had no direct infl uence on the flow. Again,.
the writer h as v isited the site of the galleries whe n the discharg e
was nearly at a minimum, and found w ater flowing over the
surface. He h as also v isited the site when the discharg e was
above the av erage, and found the creek b ed dry six inches below
the surface. The volume of water p assin g the gall eries on the
surface seemed to h ave little effect upon t he volume which
entered the galleries fifteen feet below. The case is quite
different in regard to temperature.
Ther e is ev ide ntly a
close rel ation between temperature and the u nd erflo w through
fine sand. When one considers all the possibl e condition s.
which might exert an influence on the discharge in this par ticular
case, it is, we think, surprising how closely the line of temperature corresponds to the monthly discharges.
It w ill be seen th at the temp erature, as a rule, lags behind
two or three months. This is readily acco u nted for when w e ·
r emember that the temperatur e of the air in the shade, and not
th at of the sub-surface, was taken.
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In order to give Utah farmers more definite information on
the difference of surface and sub-surface temperatures, not only
in connection with the subject discussed, but in relation to the
cultivation of the soil, the writer has taken advantage of
the valuable data collected by Pr<~fessor Carpenter, of the
Colorado Experiment Station, to prepare the drawing shown in
Fig. 6. In this cut the dark line shows the average monthly
temperatures of the soil three inches below the surface, and the
greatest range is from 23° Fahr. to nearly 75 ° Fahr. The other
line in the cut, which is slightly shaded on the low side, indicates
corresponding temperatures taken six feet below the surface, and
the extreme range is from about 40 ° to 61 ° Fahr., or about twofifths the former.
The two lines in Fig. 6 also show that the temperature six
feet beneath the surface is about two months behind the surface
temperature. In o.ther words, the excessive heat of July is not
felt to its full extent at a point six feet below the surface until
September following.
It has been stated that the velocity of water beneath the
beds of creeks and rivers depended chiefly upon the size and
uniformity of the particles, the slope of the bed and the subsurface temperature. To these may be added the degree of
saturation. In the absence of ; any formula giving the approximate velocity for anyone case, Western engineers have adopted
a rough rule, which is: "Assume the flow to be one foot per
hour." That this rule will give one a fairly:correct estimate is
evidenced by the following table, compiled from:the latest edition
of Fanning's ,: Hydraulics:"
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TABLE NO. I X.
SHOWIN G RATE OF FLOW I ' TO UNDERG RO UND GALLERI E S .

PLACE

Lowell, Mas ., U . S. A.
Toronto, Canada .. .. ..
Perth, Scotland ...... .
Angers, France . . ......
Lyons,
" . ..... . .
Toulollse, "
....... .

Distance
from shore

Depth of botRate of flow
tom of gallery t hrough
below surface of gallerybottom
of water

100 ft.
150 "

.... ..

......

...... ......
80 ft.

II

ft.
8
5
"
2% "
8% "
. .....

~-

ft. per hou r

I{l "" ""
,
1
~-

li

"
"

"
"
" " "
" " "

Average ....... . .' ..................... %ft. per hour
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